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T.TI P OF T" * tM^NTION 



System and method for controlling a permanent magnet 



electric motor 



e , t inntTHF ""eimOM 

m0a „ The present invention rela.ee to permanent ma 9 ne« electtic 

More pJU die present .vsndon * ~- » - — • - 3 
method for controlling a permanent magnet dearie motor. 



Genera ,i y in order to control a permanent magnet motor, 

100021 a Wor *e plaint magnet mo»r sucn as me phased 
cnara^ns^^ me^m ^ ^ ^ ^ 

- - — m»r. need » be defined to yield a 
voltage to be applied to the motor terminals. 

Tbese characteristics of the permanent magnet mo»r may be 

presence of impurity for example. 

A oosslble method involves estimating the emf of the 
t0004, Jlr Mowever.ineaseofamgh-speedmo^rmismemod 
permanent magnet *H ^ ^ Moreover . slnce 

repuires a ft,gh >"«~ZZ are dependent on ma ambient environement 
tne cnaractenstics of the moior aie k 
such a control method can Oe complex. 
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.00051 6""P« an Patent H" 0 ** 164 teaches a system ana a 

method for conning a pemtanen, magnet elechic motor using an induced 
voltage estimator, 

,00061 From *a foregoing, it appears that although a number of 

methods are Known to control permanent magna, motors, rhese methods eMtar 
^1 position sensors and competed computation or must Pa adapted to 
ft. environment accord,.* to each design of permanent magne. motors. 

moOTl Therefor, there is a need for a system and a method, which 

C conning a permanent magna, atecmc motor in a simpie. retiahla way 
and which automatically adapts to environmental changes. 



n? IP CTS of -Mf» IMUHMTION 

rOOOBl An oujec, of the present invenSon is therefore to provide an 

Improved confer system and method tor a permanent magne, e,e«nc motor. 

el iumarY O e TTf '»J"gNTION 

(00091 More specitica»y, in accordance with me presen, invanton 

!1 provided a system for coning a permanen, magna, etecrnc mou* 

electric motor via the power stage. 



<mwm m 
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.0010] Moreover, there is provided a method for controlling a 

permanent magne, eiecxric motor comprising determine . ««•*«*-* 
ohase of the permanent magnet electrio motor. ohtainmg voltage controlung 
Late in reiation to doth changes in speed and torque of the permanent 
magnet electric motor, and feeding the voltage centreing eigne, back to the 
permanent magnet electric motor. 

m011l There is further provided a drcuitfor controlling a permanent 

nragne. throe-phases e,ec«c motor provided with a rotor and a stato^ 
Uprising a rotttor allowing rotation of current eignate of the phases o, me 
rerroanen" magnet etoctfc motor from a senary from. to Wo decoded 
current components in a rotor synchronous frame ateng a drrect ax,s (.„, and a 
quadrature a»s (,,) rospec«ve* a proportional and integral operator for 
^ving a voltage M along the guadrstore axis and a voUage tfj along the 
ZL L. a rotator altowing rotating the vouages V, and V. car* from the rotor 
synchronous frame to the stationary frame to yietd temrina. voltages V a , v. and 
V, of the permanent magnet electric motor. 

100121 Tliere Is still further provider! a method for controlling a 

permanent magnet three-phases eleomc motor provided «h a roto, ^and a 
Ltor, comprising rotating current senate of the phases of the permanent 
Tagn , eJchlc motor from a steflona* frame to two ^ ^ 
"mponents m a rotor synchronous frame along a diroct ares «.) and a 
"Xlro W reaped deriving a voyage W atong «- 
axis therefrom: deriving a voltage (V.) along me direct ax, K rotadng ^.he 
lages V, and V. PacK from the rotor synchronous frome to the stot^y 
J to yield terminal volteges V, V. and V.ofthe permanent magnet eteclnc 



motor. 



wamm per ' ;oAdbbb44 
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[0013] There is also provided a method for controlling a permanent 

magnet electric motor having three-phases each supporting a current i ai i D and 
i c respectively, comprising determining the currents i a , i D and t c ; rotating the 
currents i a , ip and i c by an angle -e n to yield currents t d and l q ; computing a 
current torque of the permanent magnet electric motor; computing a current 
rotating angle 8 0 *i; computing a voltage output V q ; computing a voltage output 
V Q \ rotating the voltages Vq and V q by the rotating angle 8n+1 to yield three 
voltage controlling signals V a , v 0 and V c ; and applying the voltage controlling 
signals V a , V D and V c to the permanent magnet electric motor. 



[0014] Other objects, advantages and features of ihe present 

invention will become more apparent upon reading of the following non- 
restrictive description of embodiments thereof, given by way of example only 
with reference to the accompanying drawings. - 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] In the appended drawings: 



[0016] Figure 1 is a simplified diagram of a motor controller system 

according to an embodiment of a first aspect of the present invention; and 

[0017] Figure 2 is a flowchart of a method for controlling an electric 

motor according to an embodiment of a second aspect of the present invention. 



DESCRIPTION OF THE EMBODIMENT 



[0018] Generally stated, the present invention provides a system 

and method for controlling a three-phased electric motor, by monitoring the 
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terminal voltages thereof in relation to both changes in speed and torque of the 
motor. 

[0019] More specifically, the present invention provides that the 

phase currents of a permanent magnet electric motor are first rotated from a 
stationary frame into two decoupled current components in a rotor synchronous 
frame, which enable to derive a voltage along a quadrature axis and a voltage 
along a direct axis thereof, before rotating back the quadrature and direct axis 
voltages from the rotor synchronous frame to the stationary frame to yield the 
motor terminal voltages. 



[0020] The system 10 shown in Figure l comprises a permanent 

magnet motor, referred to hereinafter as PM motor 12; a power stage 14; and a 
motor controller 16. 



[0021] The PM motor 12 is a three-phase electric motor provided 

with a rotor and a stator (not shown), each one of the phases carrying a 
current. U, i D and i c , respectively. These phases currents are sensed and used 
by the park vector rotator unit 16 to generate three voltage-controlling signals 
V a> V 0 and V c , which are then supplied to the power stage 14. 

[0022] For example, the power stage 14 may be of the type provided 

Dy Semikron, in particular the SKfiPACK Tw 342 GD 120-314 CTV for example. 

[0023] The angular speed "vf of the motor is controlled by a user by 

setting a value representing the speed of the PM motor 12 into the system 10. 
The user chooses a reference current value T*\ normally set at 0, but other 
values may be selected. 
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,00241 The motor controller 16 ie in the form of a park vector rotator 

unit The pa* vector rotator unit 16 generates t»o continuously rotating an 9 .es 
navlng Instantaneous values e„, and wherein me negative sign represent 
an opposite direction of rotation, the subscript labe* a curtent compubng 
angle, and the subscript V labels the previous computing angle. 

r00251 For Canty purposes, the main steps of a method for 

cling a permanent magna, elecuic mofor using the system 10 according 
"atcond aspect of me invention w», now be deseed in referencefo Ffcure 

2. 

Ce phases oftne PM motor 12 are de— * » - * — current 
sensors, 

ro0271 Then, in a following step (200). the three currents U. b and i. 

a r9 Pressed in an inverse pa* vecfor rote»r 18. which rotates mem by an 
angle -ft,, to output two currents la and I,. 

raD281 ,n step 300. me two currents and I, are used to compute a 

to^ue T of the PM motor ,2. which is in turn used to compute me 
current rotating angle ft,., (step 400). 

,00291 Additionally, me two currents I. and I, are used to compute 

^ voltaoe output V, and V, (steps 500 and 600). The voltage outpute V, and 
rjeTen role in a pa* vector rotetor 20 by me rotating angle 0,, to yield 
three voltage controlling signals V„ V„ and V c (step 700). 
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[0030] Returning now to Figure 1. the steps of the method of the 

present invention will now be described in more details. 

[0031] The current computing angle is derived In response to 

changes of the speed a and of the torque T of the PM motor 12 from the 
following equation: 

©n*1 » ©n + k, x co + K* x T o , 
where fa and k 2 are constants. 

[0032] As seen in Figure 1. the phase currents i a . i D and i c are 

directed through lines 12a, 12b and 12c to a first inverse park vector rotator 18, 
which rotates them by the angle -e n , to output the two currents l q and l q . 
according to the following relations on the d-q axis fixed on the rotor axis: 

lo ■ 2/3 x [i a x cos(Sn) * >d x cos[9 n +120°) * i c x cos(8 n -120-)] P) 

l q = 2/3 x p a x sin(0n) + ia x sin(0 n +120°)+ i c x sin(e„ -120°)J l3) 

[0033] It is to be noted that either the three currents i a , »& and i c from 

the three phases of the PM motor 12 are measured, or only two of them, the 
third phase current being calculated from the other two phases since, as is 
known in the art. the fallowing relation holds: 



£j«0 w 

(fires pnsuea 
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[0034] The la and l q rotated values are further used to generate a 

first voltage output V s which takes into account an error between the preset 
value r and l a . according to the following equation on the d-q axis fixed on the 
rotor axis: 

V q - PI (I* - la) * k3 X lq (Sj 

where K3 is a constant. "PI" refers to a proportional and integral operator, 
defined as follows: 

where a and t> are constants and the integration is overtime. 

[0035] The l 0 and lq rotated values are also used to generate the 

second voltage output V 0 . according to the following equation on the d-q axis 
fixed on the rotor axis: 

V 0 =k5Xl«j +k4Xl,xo(7) 
where k» and feare constants. 

[0030J Moreover, the speed « is set by the user as stated 

hereinabove, whereas the torque T can be calculated by the following formula: 



T = ( V fl X l„ + Vq X lq) / O (8) 
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using the l« and I, currents and V 0 and V q on the *q axis fixed on the rotor 
frame, as determined hereinabove by equations (2K3)- 

[0037] The two voltages V„ and V q in the continuously rotating 

reference frame are then submitted to a second park vector rotator 20. whereby 
they are rotated by the angle JW to produce three voltage controlling signals, 
namely V a . V D and V c , which control the power unit 14. according to the 
following equations: 

V a = Va X COSCBn^) * V„ X Sin(Bn»i) (9) 

. V 0 = V fl x 005(^+120*) + V„ x sin^-HZO") 0 o, 

Vc = Va x cosf,e„vrl2D°) + V, x sin(e„ Tl -l20°) ( u, 

10038] K is to be noted that the values k, to are constants that the 

user sets, when designing the system 10. based on a number of parameters, 
including the sampling rate of the computer to be used, condition of the power 
drive, sensitivity of the current sensors, the characteristics of the motor etc.... 

[0039] From the foregoing, it should be apparent that the present 

invention provides for a system and a method whereby the motor terminal 
voltages are self-adapting. More specifically, three current s,gnals are first 
rotated from a stationary frame to two decoupled current components »n a rotor 
synchronous frame, along a direct axis (l a ) and a quadrature ax,s (l ? ) 
respectively. Then, on the first hand, a voltage (V Q ) along the quadrature ax,s >s 
derived therefrom, by applying a proportional and integral operator on the d.rect 
axis current component added with a product of a constant and the current 
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components along the quadrature axis (see equation 5). On the other hand, a 
voltage (V a ) along the direct axis is derived, as a product of the direct axis 
current component added to a product of the speed of the motor by the 
quadrature current component (see equation 7). Finally, the quadrature and 
direct axis voltages (V q and V a ) thus computed are rotated back from the rotor 
synchronous frame to the stationary frame to yield the motor terminal voltages 
(V a , V p and V c see equations 9-1 1 ). 

[0040] Therefore, the present system and method allow for a 

continuously updating value of the angle in response to changes of spaed and 
variations in the torque as well as to changes in ambient conditions 

[0041] From the foregoing, it is now also apparent that the present 

invention provides a circuit for controlling a permanent magnet three-phases 
electric motor provided with a rotor and a stator, comprising a rotator allowing 
rotation of current signals of the phases of the permanent magnet electric 
motor from a stationary frame to two decoupled current components in a rotor 
synchronous frame along a direct axis (f d ) and a quadrature axis (i q ) 
respectively; a proportional and integral operator for deriving a voltage (V q ) 
along the quadrature axis and a voltage (V a ) along the direct axis; a rotator 
allowing rotating the voltages v q and V d back from the rotor synchronous frame 
to the stationary frame to yield terminal voltages V a , v D and V c of the permanent 
magnet electric motor 

[0042] In particular, people in the art will appreciate that the method 

and system of the present invention allows controlling a permanent magnet 
motor without resorting to position sensors or characteristics of the permanent 
magnet motor such as the emf, which are liable to depend on the environment, 
thereby adaptable to environmental conditions. 
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[0043] Although the present invention has been described 

hereinabove by way of specific embodiments thereof, it can be modified, 
without departing from the spirit and nature of the subject invention as defined 
in the appended claims. 



